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Report of the International Dialogue on Responsible
Resear ch and Development of Nanotechnology

EXECUTIVE SUMMARY

On 17-18 June 2004, a group of experts involved with nanotechnology from twenty-five
countries and the European Union met in their individual capacity for an informal
dialogue on responsible nanotechnology research and development (R&D). The meeting
took placein Alexandria, Virginia, United States. It was sponsored and convened by the
National Science Foundation and facilitated by the Meridian Institute. Participants
discussed awide range of topics, and had a chance to discuss several topicsin detail
during breakout group discussions. The four concurrent breakout group discussions
focused on: benefits and risks to the environment; benefits and risks to human health and
safety; the socio-economic and ethical implications of nanotechnology; and the special
consideration of nanotechnology in developing countries.

The discussions were informal and exploratory in nature and participants covered a broad
range of topics. Some of the recurring themes are summarized below. A concrete
outcome of the International Dialogue was the agreement that a preparatory group should
be formed to explore possible actions, mechanisms, timing, institutional frameworks, and
principles for ongoing international dialogue, cooperation and coordination in the area of
responsible R& D of nanotechnology. It was proposed that the preparatory group be
organized around three large regions (North and South America; Europe and Africa; and
Asiaand Oceania), and that it should prepare a draft plan of action for continued dialogue
and cooperation, aswell as ajoint declaration and a procedure for its adoption. Some
recurring themes during plenary and breakout group discussions included:

« Nanotechnology and Regulatory Responses — Participants discussed and expressed
divergent views as to whether and to what extent nanotechnology is inherently
continuous or inherently disruptive. Those who felt that nanotechnology is inherently
continuous suggested that current regulatory systems may be adequate to address the
potential impacts of nanotechnology. Those who felt that nanotechnology would
yield novel properties that only become evident at the nanoscale, suggested adoption
of new, flexible regulatory approaches to quickly respond to devel opments.

« Governance: Participants raised broader issues related to the adequacy of existing
organizations, governance tools, and the need for education of the public sector
workforce to deal with and address public concerns over arapidly emerging
technology at a global scale.

« Nanotechnology Applications and I mplications —Participants identified a need for a
framework to discuss the possible benefits and risks of nanotechnology. They
identified a need to differentiate between categories or types of nanotechnology.

« Ingtitutional Mechanisms for Ongoing Dial ogue — Participants agreed that there isa
clear need for ongoing international dialogue, cooperation and coordination in the
area of responsible R&D of nanotechnology. They developed a draft set of
operational terms of reference (outlined on page 22) for the formation of a
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“preparatory group” to explore possible actions, mechanisms, timing, institutional
frameworks, and principles for this dialogue and cooperation.

Intention to Coordinate Activities — Participants called for coordination and sharing of
information regarding planned activities related to responsible R& D of
nanotechnology. Some of the activities mentioned during the meeting include, but
are not limited to: developing a common nomenclature; devel oping methodologies for
risk assessment; exchanging information on human and ecological toxicology studies,
studying environmental benefits of nanotechnology; and developing education,
training and public awareness programs.

Expanding the Dialogue — Even though many participants thought it was appropriate
to begin these discussions with government representatives, they suggested that the
discussions should be expanded to include other stakeholders, such as industry and
civil society organizations, and that it should include the broadest range of countries,
from the more prosperous to the poorest devel oping countries.
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I. INTRODUCTION

Nanotechnology, the study and manipulation of matter on an ultra-small scale, iswidely
perceived as one of the key technologies of the 21st century. Experts expect that
nanotechnology will benefit computing and electronics, medicine, materials and
engineering, and the environment. The potential beneficial applications of
nanotechnology are numerous, and several products containing manufactured
nanomaterials have already reached the marketplace. With the rapid development of the
underlying science and practical applications, some civil society groups have expressed
concerns about the potential risks that could be associated with nanotechnology.

The International Dialogue on Responsible Research and Development of
Nanotechnology (hereafter referred to as the “International Dialogue™) offered the first
opportunity for government representatives and other stakeholders from around the world
to discuss broad societal issues associated with nanotechnology R& D that are not likely
to be adequately addressed by any single country. Dr. Mihail Roco, Senior Advisor on
Nanotechnology for the National Science Foundation (NSF), and Chairman of the
Subcommittee on Nanoscal e Science, Engineering, and Technology (NSET) of the U.S.
National Science and Technology Council convened the meeting, which was held in
Alexandria, Virginia, United States on 17 — 18 June 2004. The Meridian Institute, a
U.S.-based non-profit organization served as the facilitator of the discussions that took
place at the meeting.

The International Dialogue brought together governmental representatives from twenty-
five countries and the European Union and several international organizations to share
information and exchange ideas and points of view in an open and informal setting, and
to discuss the role and potential means of international collaboration to support
responsible R& D of nanotechnology. The informal setting of the meeting allowed
participants to express their individual and personal views, as well as to reflect any
official policies or positions of their governments or organizations. This report contains a
non-attributional summary of the discussions that took place at the meeting, reflecting the
informal nature of the event. See Attachment A for alist of the participants and
Attachment B for a copy of the agenda.

II. WELCOME AND OPENING REMARKS

Dr. Mihail Roco opened the meeting and welcomed participants. In describing the
timeliness and importance of this meeting, Dr. Roco mentioned that worldwide
government investments for research in nanotechnology have exceeded US$ 3.5 billionin
2004, that nanotechnology products are reaching the market and that concerns about the
societal implications of nanotechnology are being voiced with increasing frequency. The
timeisright for this meeting of government representatives to discuss broad societal
issues associated with nanotechnology R& D that cannot be addressed by any single
country. Dr. Roco suggested that people need to balance the promise of nanotechnology
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and the potential negative implications and that an ongoing and expanding dialogue can
help foster the responsible R& D of nanotechnology. Dr. Roco proposed that an ongoing
dialogue could be organized through an “international consultative board for responsible
nanotechnology.” A copy of Dr. Roco’s remarks can be found in Attachment C.

Dr. John Marburger, Director, Office of Science and Technology Policy, Executive
Office of the President, also welcomed the participants and provided opening remarks.
He referred to nanotechnology broadly as applying to a wide range of science and
technology opportunities created by the ability to image, manipulate, and simulate matter
at the atomic scale. Dr. Marburger suggested that what distinguishes the new
nanoscience from the old chemistry is the increased understanding and technical control
of the role of nano-scale structure, but he stressed that nanoscience does not involve new
materials. In discussing responsible development, Dr. Marburger suggested that the
toxicity of the new forms of materials might differ substantially from older ones.
Although this creates a challenge to regulators, Dr. Marburger suggested that the
regulatory framework now in existence in the United States is broad enough to cover
potential hazards from nano-materials. Dr. Marburger mentioned that the United States
has taken pains to incorporate social, health, and environmental issuesinto its
nanotechnology research planning. Existing legislation and procedures, such as those
dealing with biotechnology and genetic engineering, will help to address ethical and other
issues associated with R& D of nanotechnology. He emphasized that the societal
implications of nanotechnology be discussed based on a clear and rational vision of
nanotechnology. Dr. Marburger concluded that “if we are to realize the full potential of
nanotechnology for our nations, and for the devel oping nations that can share its benefits,
then we are going to have to agree particularly on standards and nomenclature, on issues
of intellectual property protections, and on the need for responsible oversight and
regulation of hazards that we may discover in these technologies.” A copy of Dr.
Marburger’ s statement can be found in Attachment D.

Dr. Arden L. Bement, Jr., Acting Director of the National Science Foundation, welcomed
participants and offered comments during the group dinner on 17 June 17 2004. Dr.
Bement recognized the shared desire to develop nanotechnology responsibly and with a
global perspective. He stressed the importance of international exchange as the best way
to ensure nanotechnology supports the common good. Dr. Bement mentioned that
including the study of societal implications at the very onset of research creates a greater
range of choices about how to shape nanotechnology. He briefly described how NSF
brings together social, physical and biological scientiststo bring arich confluence of
perspectives to bear upon nanotechnology. Dr. Bement suggested that public trust will be
akey element in exploring the nanofrontier for the common good, and suggested that
dialogue should engage the broader public. Dr. Bement’s comments can be found in
Attachment E.
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1. SUMMARY OF NATIONAL NANOTECHNOLOGY RESEARCH AND
DEVELOPMENT PROGRAMSAND OPENING STATEMENTS

In advance of the meeting, the facilitators distributed a questionnaire that was designed to
collect summary level information on the nanotechnology R& D programsin the
countries and regions that were invited to participate, as well asinformation on relevant
regulatory systems and the personal views of participants on the subject of responsible
R&D of nanotechnology. During the meeting, one participant from each country was
asked to verbally describe the breadth and scope of the nanotechnology research
development programsin their country and to offer their initial personal viewson
responsible R&D. The information that was collected through the use of the
guestionnaires, and verbally presented in a summary form at the meeting, can be found in
Attachment F.

Theinitial statements from participants regarding their personal views on responsible
R& D of nanotechnology evidenced a broad range of perspectives and raised alarge
number of important topics and interesting ideas. Generally, there seemed to be broad
recognition that increased international cooperation and coordination will be important
and that actions should be taken to ensure the maximization of benefits and minimization
of risks. The contributions made at the outset of the meeting also gave everyone a sense
that nanotechnology might offer an opportunity to apply the lessons learned from
experiences with other technologies. These initial individual contributions are not
summarized in this report but they are provided in Attachment F.

IV.DISCUSSION OF RESPONSIBLE RESEARCH AND DEVELOPMENT

Building off of the opening statements, participants discussed several general themesin
plenary before breaking into four breakout groups to discuss the following four topics:
benefits and risks to the environment; benefits and risks to human health and safety;
socio-economic and ethical implications; and nanotechnology in developing countries. A
summary of theinitial plenary discussion is provided below. The breakout group
discussions are summarized in the sections that follow and include comments and
guestions posed following the small group reports to the full group. Attachment G
contains alist of who participated in each breakout group.

A. Initial Plenary Discussion
1. The Nature of Nanotechnology

To start the discussion on the range of potential impacts on society, the group discussed
whether and to what extent nanotechnology is inherently continuous or inherently
disruptive. Some participants agreed with Dr. Marburger that there is a great deal of
continuity, for instance, in nanotechnology’ s potential hazards. They felt that the impacts
on society that may be similar to those of other technologies and existing policy and
regulatory responses are probably adequate to deal with the potential risks and benefits of
nanotechnology. Some participants felt that nanotechnology is uniquely defined by its
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size, new properties and functions, and capability to manipulate matter at the nanoscale.
These participants felt that nanotechnology is by definition the search for and application
of novel properties that only become evident at the nanoscale. They felt that these novel
properties might make nanomaterials different from materials devel oped through, for
example, traditional “bulk” chemistry applications. Several participants suggested that
different types of nanotechnology applications should be distinguished from each other
and might be treated differently. For instance, some nano-electronic applications may not
be disruptive because they will change gradually and will continueto rely on
conventional processes. Other applications, such as the convergence of nanotechnol ogy
and biotechnology may be disruptive and might require new regimes that are fast and
agile enough to respond to disruption.

Numerous participants stressed that it was important not to think of nanotechnology as a
single technology, but rather of a number of both discreet and interrelated technologies,
each of which will have their own risk/benefit profile. It was suggested that it would be
helpful to develop some sort of aframework within which important distinctions can be
made such that the discussion of responsible R&D of nanotechnology does not become
overly broad, and result in sweeping but not very meaningful statements and actions.

Governments may have to consider intended and unintended consequences of new
nanotechnologies, as well as the possibility that the same technology could be used for
both beneficial and harmful purposes. It was acknowledged that such dual-use
technologies would present some real challenges in terms of the notion of responsible
R&D.

Participants noted the tension between the desire to foster innovation, which may not
need aregulatory framework, and the desire to understand and manage potential risks and
unintended consequences. Differing views among meeting participants on how to best
balance governmental actions to promote innovation that brings about the projected
benefits of nanotechnology, and governmental actions to reduce, minimize, or, where
possible, eliminate the risks and unintended consegquences of nanotechnology was, not
surprisingly, the main fulcrum around which much of the discussions revolved during the
course of the meeting.

2. Regulatory and Other Responses

Participants discussed a range of possible government regulatory actions to address
potential risks of nanotechnology. One participant raised the question as to whether
governments should be contemplating a moratorium on nanotechnology. When asked if
any country was contemplating a moratorium, none of the participants indicated that they
were. The general attitude seemed to be that, aside from the potential benefits that would
fail to materialize, there is insufficient knowledge about risks to justify a moratorium.
Participants noted, however, that certain civil society groups not represented at this
meeting have proposed a moratorium. Several participants suggested that regulation
should evolve as information about impacts on the environment, human health and safety,
and social structures becomes available. Good information about risks would make it
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possible to make changes at the design phase in order to prevent future harmful effects.
However, some participants cautioned that aregulatory system should not be unduly
prescriptive such that it stiflesinnovation or causes other problems in the future. Instead,
aregulatory system might be based on principles and include components that create
adaptive capacity and encourage flexibility as we learn more and more about the benefits
and risks associated with discreet forms of nanotechnology. Othersfelt that it was
important that regulations should build public trust by ensuring transparency, credibility
and rigor.

A common theme throughout the discussions was the importance participants placed on
education and training to prepare the workforce, the public and young generations for the
rapid emergence of nanotechnology. Training and education was mentioned as an
important aspect of several issues, such as providing public education and information to
engender a constructive public debate; allowing all countriesto benefit from
nanotechnology applications as well as assess and manage potential risks; building a
qualified workforce; and preparing government staff for impacts of nanotechnology that
might require new policy and/or regulatory approaches.

3. Ingtitutional Mechanisms for Ongoing Dialogue and Action

Participants explored possible venues for continuing the international dialogue on
responsible R& D of nanotechnology. Some cautioned that governments may be reluctant
to create a new institution, but suggested, for instance, that the G8, the United Nations
(UN), or the Organization for Economic Cooperation and Development (OECD) might
offer venues. The OECD, for example, has been used as a venue where governments
(member and non-member) and other organizations come together to engagein a
dialogue.

A participant suggested the formation of a*“sherpa’ or preparatory group that is
representative of all countriesto prepare for ongoing dialogue. This suggestion resonated
with other participants and, as described more fully below, the development of draft
terms of reference for a preparatory group became one of the key outcomes of the
meeting.

Several participants reiterated that the international dialogue should discuss specific
categories of technologies and place the discussions of potentia benefits and risksin
specific context. One participant also suggested that it is critical to develop aframework
and alogical path to guide the discussions and prevent them from bogging down.

Most participants felt that ongoing dialogue, although important, should not be an end in
itself and that this meeting as well as an ongoing dialogue should lead to concrete action.
One participant suggested that one form of action could be the devel opment of a code of
conduct. Such acode of conduct could include: a commitment from institutional
authorities to use public funds for R& D of nanotechnology in a manner that protects the
integrity of mankind; the constitution of a high-level scientific advisory board to give
advice concerning, among others, risk prevention; and a commitment to treat knowledge
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on the impacts of nanotechnology as a public good and share thisinformation. This
language, however, led to questions about how to define human dignity and how to
reconcile the desire to share information with intellectual property (1P) protection, and
led to the suggestion that the international community needs a common nomenclature.

Several participants mentioned that different entities are planning activities that should be
considered by a preparatory group, especially asit relates to the need to develop
nomenclature and definitions to classify and define nanotechnology.

Some participants mentioned that countries are engaged in a global competition to bring
the benefits of nanotechnology to the market. At the same time, it was noted that
potential risks associated with nanotechnology could be addressed in common because
they affect shared interests. Thiswill require a good understanding of risks, and
development of appropriate regulations that do not prevent continued investments and
innovation. However, others mentioned that if people agree on the importance of
protecting human health and safety, this might lead to added cost due to additional safety
precautions. Some participants mentioned that these issues, although important, should
not detract from efforts to achieve excellence in and continued funding of basic research.
Several participants stressed again the need for aframework, a set of common rules that
encourages innovations in a responsible manner.

4. Expanding the Dialogue

An important consideration in future international dialogue should be the position of
developing countries, and especially poor and excluded people in devel oping countries.
Several participants stressed the importance of preventing a widening knowledge gap
between devel oped and devel oping countries, and suggested that the international
dialogue and collaboration should help developing countries participate in
nanotechnology R&D. Participants suggested that the broadest range of developing
countries, from the more prosperous to the poorest, should be included in the dialogue.
Participants recognized that economic, social and other conditions vary greatly among
developing countries and that these countries may have different needs in terms of
responsible nanotechnology R&D.

Companies are rapidly developing products and placing them on the market. Much of the
development of nanotechnology will take place in the private sector. Participants
suggested that industry should be involved in the international dialogue on responsible
development of nanotechnology sooner rather than later. The dialogue could involve
industry associations as well asindividual companies. However, one participant
suggested that industry involvement is more critical for addressing some issues than
others (e.g., metrology should be discussed with industry partners). Interactions between
governments and industry should be strategic in order to have along-term impact on
nanotechnology. It was suggested that private industry has a strong interest in sharing
information on environmental impacts and health and human safety and would be eager
to participate in this dialogue.
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Several participants mentioned that other groupsin society, for instance civil society
groups such as environmental organizations, should aso be included in the dialogue
about responsible R& D of nanotechnology.

A participant warned that the dialogue should be conducted in the broader context of the
role of science in society and societal control of science. Focusing exclusively on
nanotechnology could result in discussions bogging down in uninformed notions and
concerns about risks that are not necessarily real.

B. Environment Breakout Group Discussion

One of the four breakout groups took a broad ook at the potential benefits and risks to
the environment associated with nanotechnology. In addition to a discussion of potential
benefits and risks, the group discussed actions that might be taken by the international
community to maximize benefits and reduce risks. Group members suggested that a
discussion of the environment could include a broad range of topicsrelated to air (e.g.,
volatile organic compounds emissions), water (e.g., desalinization; waste water
treatment), soil (e.g., soil fertility and sensors), biological systems, biosphere, weather
and climate (e.g., emissions of greenhouse gases), agriculture (e.g., food production), and
security (e.g., water and food supplies targeted by terrorist attacks).

Participants recognized that nanotechnology presents opportunities for potential benefits
aswell as potential risks to the environment. However, they mentioned that thereisa
lack of hard facts regarding both the potential harmful and beneficial effects. Additional
research is needed. One participant suggested that research might look at what is different
about nanotechnology that it would require a different response in comparison to existing
technologies. Other participants offered that an important difference is that nanoparticles
can go anywhere and that, for instance, macrophages do not recognize certain size
nanoparticles. These characteristics could have unintended consequences.

Framework for Discussing Benefits and Risks

In discussing the key potential benefits and risks to the environment from
nanotechnology, the group discussed aframework (see table 1 below) that organizes
categories of topics, issues and questions related to the potential environmental risks and
benefits of nanotechnology.

Benefits to the Environment — Some Examples

In addition to the examples mentioned in the context of this framework, participants
mentioned several other specific examples of benefits to the environment that could result
from nanotechnology. Several participants mentioned opportunities offered by
nanotechnology to combat climate change by enabling economies to switch to hydrogen
asamain source of fuel and by making renewable energy sources (e.g., photovoltaics)
more efficient. Others mentioned opportunities to reduce energy consumption. For
instance, research is being conducted in Japan to develop polymers and metals that can
help create super-conducting materials and storage devices that contribute to greater
energy efficiency. Energy consumption could further decrease by using better sensors
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Table1l: Framework for Discussing Potential Environmental
Benefits and Risks of Nanotechnology

Applications (Benefits)

Implications (Risks)

Category Examples of Category Examples of Issues
Applications to Consider
Sensors Sensors for emissions Source (where does | Arewe dealing with

monitoring

it come from?)

potential toxicity of
manufactured
nanomaterials only?
How do you trace
materials that are found
in the environment back
to their source?

Treatment and/or

Applications for water

Transport and

Where do nanomaterials

Remediation desalinization and waste Transformation transportSr to and isthere
water treatment g any transformation?
(where doesit go?) Detection methods are
needed to detect even
very small amounts of
nanomaterials.
Renewable Energy | Applications for Effects (what doesit | What are the toxic
efficient hydrogen do?) and/or ecotoxic effects
storage and use, of nanomaterials? What
efficient photovoltaic are the exposure routes?
cells and electricity Do the materials
storage bioaccumulate?
Methods are needed to
quickly assess the risks
of new materials.
Cataysis Applications for
improved catalysisto
reduce waste
compounds
Green Applications for cleaner

Manufacturing

production. This could
include green
engineering to
manufacture
nanomaterialsin a
manner that reduces
pollution, but also
applying NT to produce
other products using a
cleaner process

developed with nanotechnology. Participants mentioned that nanotechnology is being
used to develop improved coatings that can result in reduced air emissions of volatile
organic compounds (VOC). A participant also mentioned that nanotechnology could be
used to dramatically increase wireless connectivity, which could reduce the need for face-
to-face meetings, thereby reducing the need for transportation.
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Risks to the Environment — Need for Risk Assessments

In turning attention to potential environmental risks, participants noted the lack of
knowledge regarding potential risks of nanotechnology, and most felt there is a need for
risk assessments. Participants suggested that potential exposure in the workplace and
potential exposure during research are currently the most likely events that could involve
risks. Other potential risks, for instance those resulting from decomposition or change of
properties over time, may be longer-term risks. Considering that many nanotechnology
applications are still in 